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required one quarter of the force to disso-
ciate compared to the wild-type, which
implies that the bound state energy differ-
ence due to the W2 presence is about
75% of the wild-type bond. Thus, an initial
recognition complex forms in a similar
conformation to the final state in the
absence of the W2 interaction but with
decreased bond strength.
Forming the initial recognition complex
without W2 exchange demonstrates that
the selection of the monomer subpopula-
tion with W2 extended is not required for
dimerization and argues for the induced
fit pathway. Further work may determine
if the rates of assembling these structural
features might kinetically limit one of the
pathways (Bosshard, 2001). Application
of this approach to other members of
the cadherin family beyond the type-I
E-cadherinstudiedherewill be tellingabout
the generality of this assembly pathway.
In addition to the dynamic nature of the
protein conformation highlighted by these
cadherin studies, this systemmay also be
an interesting example of allostery that
has yet to be completely explored. The
dimerization of cadherins through the
surfaces of their EC1 domains is regu-
lated by calcium binding into sites located
at the interfaces between adjacent EC
domains (Pokutta and Weis, 2007). Ex-
actly how the dimerization mechanisms
are linked to these Ca2+ binding sites is
unclear. Sivasankar et al. (2009) found
the W2A mutant exhibited more nonspe-
cific interactions in the absence of Ca2+
than the wild-type protein, but the addi-
tion of Ca2+ dramatically shifts this
nonspecific interaction to one that yields
FRET consistent with the trans EC1 dimer
conformation. Many studies using only
the EC1 domain do not include the com-
plete set of amino acids involved in Ca2+
binding, which might impact the mecha-
nisms that allow Ca2+ binding to regulate
dimerization. Sivasankar et al. (2009)
used the full extracellular domain, under-
scoring the value of studying the largest
possible functional units of the molecules.
With increased appreciation for the
dynamic and flexible nature of proteins,
it is not surprising that biological recogni-
tion and binding likely involves a wide
spectrum of mechanisms. With a clever
approach combining two single molecule
methods that reveal both molecular con-
formations as well as functional bond
strengths, Sivasankar et al. (2009) have
provided a clear view of the role of distinct
structural rearrangements that stabilize
cadherin dimerization. With this result,
the authors have also highlighted the
potential of single molecule spectroscopy
to expose the link between conforma-
tional motions and molecular function.
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In this issue of Structure, Schwartz and coworkers present the structure of Nup120, a nucleoporin of the
nuclear pore scaffold. The structure shows that, in contrast to earlier predictions, the nucleoporins have
a larger fold repertoire than expected.The structure determination of the nuclear
pore complex (NPC) at atomic resolution
is still one of the greatest challenges
of molecular biology. One of the major
obstacles is the dynamic nature of a large
part of the protein inventory of the nuclear
pore, called nucleoporins. Only a minor
part of the pore is composed of more or
less stably associated, scaffold nucleo-1036 Structure 17, August 12, 2009 ª2009 Eporins that establish its octagonal struc-
ture. Thus, any attempts at structure de-
termination of the NPC have to focus—at
least initially—on those structural nucleo-
porins. Due to the lowsequenceconserva-
tion between orthologous nucleoporins,
structure determination is hampered by
the need to perform extensive searches
for fragments of nucleoporins suitable forlsevier Ltd All rights reservedexpression and crystallization. In spite of
those problems, a number of very impor-
tant scaffold nucleoporin structures have
been solved recently by means of X-ray
crystallography. Those studies concerned
the two major scaffold complexes of the
nuclear pore: the Nup84 and the Nic96
complex (yeast nomenclature) (Lutzmann
et al., 2002; Grandi et al., 1995). Prior
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PreviewsFigure 1. Schematic Representation of the Nup84 Complex Structure and Different Models for the Nuclear Pore Scaffold
(A) Schematic representation of the Nup84 complex roughly drawn according to the electron microscopy map presented in (Kampmann and Blobel, 2009).
bpropellers are indicated as rings, and the structure of Nup120 of this work is superimposed.
(B) The ‘‘lattice’’ model taken from Brohawn et al. (2008) in a modified form where only the (potential) COPII-like interactions are shown using the model of the
Nup84 complex from (Kampmann and Blobel, 2009). Three of the eight repeating units of the Nup84 complex are depicted in this schematic side view of the NPC.
The interactions do not necessarily represent real contacts as also stated in Brohawn et al. (2008), and should just illustrate the lattice-like character of the inter-
actions.
(C) ‘‘Concentric cylinder’’ model proposed in Hsia et al. (2007), in a schematic view showing a top view of the outer nuclear pore ring with the proposed head-to-
tail interactions of the Nup84 complex. The diameter of the ring would roughly correspond to the real NPC circumference (Hsia et al., 2007).to high-resolution crystal structures, the
Nup84 complex was extensively bio-
chemically characterized (Siniossoglou
et al., 2000) and its structure investigated
by electron microscopy (Lutzmann et al.,
2002). Combination of the high-resolution
structureswithan improved low-resolution
electron microscopic map recently led
to a more detailed view of the Nup84
complex architecture (Figure 1A) (Kamp-
mann and Blobel, 2009). The first sub-
structures of this complex, Nup85d
Seh1 (Brohawn et al., 2008; Debler et al.,
2008), Nup145CdSec13 (Hsia et al.,
2007), Nup107(= Nup84 in yeast)dNup133
(Boehmer et al., 2008), and the b-propeller
domainofNup133 (Berkeet al., 2004)were
determined by the groups of T. Schwartz
and G. Blobel. Nup85 and Nup145C in
the Nup85dSeh1 and the Nup145CdSec13
complexes are composed of an a-helical
domain that provides an N-terminal ex-
tension, which, surprisingly, supplies one
blade of the 7-bladed bpropellers of
Seh1 and Sec13 in trans and turned out
to be structurally related to the Sec31d
Sec13 complex of the outer coat of COPII
vesicles, in spite of a very low sequence
homology. Theywere thus termed ‘‘ances-
tral coatomer elements’’ (ACE1) by the
Schwartz group (Brohawn et al., 2008).
Indeed, an evolutionary relationship of
the NPC to vesicle coating complexes
was already proposed due to the resultsof secondary structure predictions of
nucleoporins (Devos et al., 2004).
Thiscurrentstudydescribes thestructure
of the N-terminal fragment 1-757 of yeast
Nup120, the last major constituent missing
from the Nup84 complex. The authors
showed, via gel filtration experiments,
that Nup120 is located at the hub of the
Y-shaped Nup84 complex where it forms
one of the short arms of the Y (Figure 1A)
(Brohawn et al., 2008; Leksa et al., 2009).
Interestingly, Nup120 does not show
the assumed topology of an N-terminal
bpropeller and a subsequent C-terminal
a-helical domain, but instead the b
propeller contains a very unusual insertion
of an a-helical bundle that forms the
complete a-helical domain together with
the C-terminal a-helical domain that
follows the b-propeller. This unexpected
result further strengthens the point that
nucleoporin folds show much larger varia-
tions than initially expected from the
secondary structure predictions (Devos
et al., 2004). The complete protein seems
to form a rigid and compact oval shape.
The missing C terminus (predicted to be
a-helical) was shown in this work to be
important for the integration of Nup120
into the Nup84 complex and into the NPC,
although it is not clear if it is attached either
in a rigid or in a flexible way.
The increasing number of solved struc-
tures, together with the structure predic-Structure 17, August 12, 2009tions (Devos et al., 2004), point to
bpropellersasageneral featureofnucleo-
porins that are most likely universally em-
ployed to mediate contacts between the
nucleoporins. Using the homologies to the
protein interactions known from coated
vesicles, two models were proposed for
the arrangement of the scaffold com-
plexes in the nuclear pore: the ‘‘lattice’’
model by Schwartz and coworkers (Fig-
ure 1B) (Brohawn et al., 2008), and the
‘‘concentric cylinder’’ model by the Blobel
group (Figure 1C) (Hsia et al., 2007).
A major difference between those
models is the orientation of the heptameric
Nup84 complexes relative to each other;
the ‘‘concentric cylinder’’ model is based
on the observation that Sec13dNup145C
heterodimers pack as hetero-octamers in
the crystal, thus forming a slightly curved
rod. This rod would form one of the
columns of the nuclear pore parallel to
the axis of the central pore channel, with
the heptameric complexes oriented with
their long axis in the plane of the nuclear
envelope and forming four stacked rings
in a head-to-tail fashion (Figure 1C) (Hsia
et al., 2007). In contrast, the ‘‘lattice’’
model (Figure 1B) was proposed in closer
analogy to the COPII vesicle coat, with
Nup84 complex building blocks forming
a polygonal mesh with a much looser
packing, in comparison to the ‘‘concentric
cylinder’’ model (Figures 1B and 1C).Moreª2009 Elsevier Ltd All rights reserved 1037
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Previewsrecent biochemical data showed that an
important Nup84 binding site of Nup145C
would be concealed by the proposed
Nup145CdSec13 lattice contacts, thus
arguing against the ‘‘concentric cylinder’’
model (Brohawn et al., 2008).
The structure of Nup120 presented in
this study also sheds light on an additional
question whether the Nup84 complex
directly contacts the nuclear membrane
or not: A predicted membrane-inserting
ALPS motif (that is also present in the
structure of the Nup133 fragment (Berke
et al., 2004) and is in an exposed position
there) is hidden inside the core of Nup120.
It is very unlikely that it could swing out
and interact with the membrane. Thus,
the authors deem it more likely that the
Nup84 complex does not directly interact
with the pore membrane (in analogy to
the outer COPII coat), but that it is
anchored by another set of proteins, one
candidate being the essential transmem-
brane nucleoporin Ndc1. In the double-
layered COPII coat recently analyzed by
electron cryomicroscopy (Stagg et al.,
2008), a layer of Sec23dSec24 hetero-
dimers mediates the contact between
the Sec13dSec31 vertices and specific
transmembrane proteins in the membrane
of the coated vesicle. The study by Stagg
and colleagues (2008) revealed a remark-
able flexibility in the angles of the COPII
lattice, accommodating a wide range of
curvatures and thus allowing for vesicleCatalytically Incom
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Sondermann and colleagues have c
The study confirms the expected do
degradation, and also defines doma
Signaling via second messengers is a
common signal transduction scheme
exploited by bothprokaryotes and eukary-
otes for basic regulation of cellular pro-
1038 Structure 17, August 12, 2009 ª2009 Ediameters from 60 to 100 nm. By further
extrapolating this observation, the flexible
vertices might make it possible for the
COPII lattice to cover even a planar
surface. Furthermore, one can imagine
that this flexible system could have rela-
tively easily adapted to coat the curved
membrane wall of the nuclear pore with
its diameter of approx. 100 nm.
A major problem with those models
is the observation that the intra-subunit
interactions between the members of the
Nup84 complex seem to be quite strong,
but the affinities determined between
different Nup84 complexes or between
Nup84 complexes and other nucleoporins
are quite weak. So it is difficult to envision
how the Nup84 complexes can form the
clearly defined octameric structure of the
nuclear pore, and more research is
needed to solve this puzzle. The authors
themselves state that without more
detailed data on interactions between
the NPC subcomplexes any NPC
assembly model has to be interpreted
with due caution. Potential candidates
for mediating the intercomplex contacts
are, again in analogy to the COPII coat,
the bpropellers of Nup120, Nup133
and Nup85. It remains to be shown if it is
possible to reconstitute a NPC scaffold
in vitro like it has been done for the COPII
coat (Fath et al., 2007; Stagg et al., 2008)
which would be the ultimate test for any
model.petent by Design
icine, Howard Hughes Medical Institute, UMDN
haracterized FimX, a protein with deg
main folds lacking conserved catalyt
in arrangements, providing insight t
cesses and complex network signaling.
The soluble cyclic dinucleotide bis-(30-50)-
cyclic dimeric guanosine monophosphate
(c-di-GMP) hasemergedas a keybacterial
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secondmessenger that triggers the transi-
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and regulates other cellular functions,
such as virulence and cell cycle
